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1133-2151 Street, NW
Washington, D.C 20036-3351
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8B.LSOUTH

-EX PARTE OR LATE FILED

October 5, 1998

Kathleen B. LevItz
Vice President-Federal Regulatory

R'EceiVED

OCT - 5 1998
Ms. Magalie Roman Salas
Secretary
Federal Communications Commission
1919 M Street, NW, Room 222
Washington, D.C. 20554

Re: Written Ex Parte in CC Docket No. 98-56 and
CC Docket No. 98-12y

Dear Ms. Salas:

This is to inform you that BellSouth Corporation has submitted today a written ex
QIlj§ to the staff of the Common Carrier Bureau's Policy and Program Planning
Division. That ex parte presents information relating to methods of estimating
variance using replicates, a topic of discussion during a meeting on September
16, 1998, attended by representatives of BellSouth, statisticians from Emst &
Young, and Bureau staff. This information has been submitted in response to a
request from the staff of the Common Carrier Bureau.

Pursuant to Section 1.1206(a)(1) of the Commission's rules, we are filing two
copies of this notice and that written ex parte presentation. Please associate this
notification with the record of CC Docket No. 98-121.

Sincerely,

~HfuPNP ~
Kathleen B. Levitz

Attachment

cc: Carol Mattey



Kathleen B. Levttz
Vice President-Federal Regulatory

October 5, 1998

Ms. Carol Mattey, Chief
Policy and Program Planning Division
Common Carrier Bureau
Federal Communications Commission
1919 M Street, N.W.
Washington, D.C. 20554

Written Ex Parte in CC Docket No. 98-56 and
CC Docket No. 98-121

Dear Ms. Mattey:

-.LSOUTH
Suite 900
1133-21st Street, NW
Washington, D.C. 20036-3351
202463-4113
Fax: 202 463-4198
Internet: ievitz kathleen@bsC.blscom

R'ECEIVED
OCT - 5 1998

On September 16, 1998, William Stacy, Ray Lee, Craig Duncan, Jerry Moore,
Robert Blau and I, all of BellSouth, participated in a videoconference with your
staff. Also participating in that conference were Dr. Fritz Scheuren, Dr. Susan
Kinkins and Scott Abbott of Emst &Young. During that videoconference, there
was a discussion of variance estimation using replicates. A staff member, Daniel
Shiman asked for references discussing this methodology. In response to Mr.
Shiman's request, attached is a paper by Hinkins, Oh and Scheuren entitled
Replicate Variance Estimates - Reducing !;lias by Using Overlapping Replicates
that the authors presented at the 1997 Joint Statistical Meetings. I am also
attaching a copy of a letter from Dr. Scheuren that offers another source for
additional information about this methodology.

If after reviewing this attachment your staff concludes that it needs additional
information, please call me at (202) 463-4113.

In compliance with Section 1.1206(a)(1) of the Commission's rules, we have
today filed with the Secretary of the Commission two copies of this written ex
parte presentation for both of the dockets identified above and request that it be
associated with the record of both dockets.

Sincerely,

1;{ax~~6 k~
Kathleen B. Levitz

Attachment

cc: Jake Jennings Andrea Kearney
Daniel Shiman

Florence Setzer



ill ERNST&YOUNG LLP

September 25, 1998

Kathy Levitz
BellSouth
1133 2pI Street, NW
Suite 900
Washington, DC 20036-3351

Dear Kathy,

• National Tax
1225 Connecticut Avenue, N.W.
Washington, D.C. 20036

• Phone: 202 327 6000

At last week's meeting with the FCC, there was a discussion of variance estimation using
replicates and Daniel Shiman was interested in references for this methodology.

Enclosed is a paper that we presented at the 1997 Joint Statistical Meetings; it includes a brief
description of the general methodology, as well as our proposed improvement. For an in-depth
discussion (and examples) of variance estimation based on the concept of replication, we would
recommend Chapter 2 in Kirk Wolter's book, which is referenced in this paper.

Sincerely,

Fritz Scheur , h.D.
Associate Nation I Technical Director
of Statistical Sampling

Encl.

cc: Ray Lee

Ernst & Young UP is a member of Ernst & Young International, Ltd.
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1. BAClQROVIID

A replicate var1aace ••tt.ator can
be useful when the fom of the
••tiator is cDIIPlax or when the
s81Ipllq cl1atribut::lon is cClIIIplex. In
the 8UIIple thar: aot1vata4 this work.
the ••c1Jlacors are dllPle touls or
.-aDS. but: the s-.p1111& distxibudoa. is
uowteldy ... it iuvol".. the probabUtCy
of belng in different: 81:.r8t:8 Oftr t:1ae.

The oriSlnal probl.. of interest
gr." out: of the use of a peraanent
randoa mmber (PltB) for 8...,1.
.election in the Beaet.etc. of lneoae
(SOI) .aaples. 1D particular. 1:he
aDDU&1 -.-.pIe of corporate tax retun&8.
Tbb ia a st:racUied probUility aaIIPle
desia-4. in parc. to provide cros.­
sectional est:illa.c:ea of 1.acama and tax
it_ for a pe.rticular ,...ar. Sinca it
ban anaual _.-pIe•••tbuat.. of yNJ:­
to-yeu cban&e are also of 1nteresc.
and for users within the Treasury
Departaent. the prt-ry intenult is in
lIlOdeliug econ..tc '~d. tax dynaaica over
t!.- ualng the aicrodacA. ay 1mi••
P8rJ1a1181lC randola DUllber in the 881lple
selection. the year-to-year 8ample
overlap is increa.ed whl1e uintaining
the :JiJllpli.city aDd validlt:y of the
crosa-sectional esc~cioll.

&ecause of the .-.pIe overlap. the
precision of ••tlJlates of year-to-year
change _, be greatly iJlprovecl. Por
var1&bles with high year-eo-year
Q.oJ:xelation. 'the seaftdard error ..y be
rCiiducecS by as auch as one half.
ccaparad t:o independent saaples.
CuculaUua estiaac.. of variance is
sore 41fficulc. however. siue. the
probability of • Uldt being ·in both
samples dep8llcSs on its saapl10a sttattJa
each year, and this can chanp.

Blukins • Moriarity • and Saheur8n

(1996) de8Cr1be the SOl corporate
s.-ple. t:be .electlon us1u& a PD, and
the -casultiD& year-co-year over1.&p. A
_tbocl . i. gI.'ftA for definins
rapltcate., \1811\1 a PIlI. 80 chac a \Dllt
seaya In the .... replicate over tiae.
In this ".7. repllcaca vari..uM!a
est1.lULtlQD can be used for estl.-.atlug
the variance of estl.aate. of year-co­
year clump.

One cllfflculcy with ehe repli.cate
procedure. tn pueral. Is t:bat 1t doe•
not aocount for the tin!e. population
correction (fpc). In t:ba si.aple randola
silllPle c.ase. ebe replicate variance
estlaate i. 88 ..i ...d .st1Date of the
variauce of ebe _an or total only if
the fpc can be ipored. '!"be SOl
corporate • .-ple bas ...11118 ratea; as
large. as '.5. In whieb case the fpc
cumoe be cl1·..ta••d.

In chis p8p8r 1M cia.crib. a general
mcl1flcaelOQ Co the \J8\I&l r8'pl1eace
vart~. estlJator Co adjusc tor the
finit:e population correction. Seecton
2 gives a bri.f descripci.on of the
replicate variance esciJlator in Irmeral
and describes the propo.ed adjustment:
1:0 the rCll'l1cate aethodology. Section
3 ell.cua... the case where one wants &

variance e.t~t. for t:be original
eselaator ratbe;r than the rep11cate
eatiaator. An exaIIP1e based on the Sal
corporate semple 18 given. Section 4
briefly s~rizes the results and
describes future work.

2. OVDJ..AllPDICJ UPLIClD VMIAl9CI
B8TDfATOIlS

IlepUcate variance est1Jllators are
useful in JUn7 cas.s vbe~e the variance
calculation is oaaplax. as they only
require calculation of cbe poine
••tiJUte (118811. rado, total. etc) .
Suppo.. ~ • .-pl. is of size n where
~. 'lb. dependenc randoa groups
variance estimator (eg. qoleer. 1985)



lim' 1. Ovad.app1D& "plicat.s. k-l
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is calculated by ua1ns a raDdall
_cb.an1•• to d.1v1de the .Ulpl. into G
gJ:O\11ls, each of .~e a. Th••scillator
of beare.e, ..t1 X. Is calculated in
each group, x,. Th. r.plicaeo
estiaacor and varLaDce estiJaator ara

For ••ttaat:ors oE _ans and b)tal.,
the replicace esct.acor is equal. to the
odpual .etillator. mel with .I.ple
randoa SallP1il1& vim tinlee population
correction (fpc), we have

g.. = g anti B(Vs) = __•

The replicate variance esc1IIace 1s a
conservative elt!.JNte. ~ere.t~t1u&

the variance. and 15 apprmd...cely
uobiased only wta.n the fpc b clo.. to
0111.

For a scratified • ..,1e. if the
fpc' II ".re equal for trVery atratua. one
could slaply correcC th. replieace
variance estimator. H&'V1n& nVllccmscl&Ilc
fpc's aerol. strata would be typical 1'0
bi&h!y skewed populations and 18 twa
in the SOl &aIlP~e; blanca a .u.p~e

adjusCilenc is unavailable to \IS.

Oyarlu»1D& Rglica1;e.. - - For IIOst
aicuatlou. chere 1. a reaacmably
st:raiptforward. wa7 to adjtMt tU.
dafiDitlon of the replicate. in ordar
to pC o1Ul apprcnt1aately UDblaa.d
e.tJ..ate of variance. lfoca that:: in t:be
eaae D-II*C. the expeceed "I'II1ue of the
variance estt...aeor VI can be nitteJl
(e.a•• Wolter ~985) ..

B(V1 ) • v.lU'C.t.J - G(;'U~ CbY(.I'.,.t,J .

If there 1.. 1)0 1.uterveutloQ. because of
the fpc'... the covar1auce te:ru Henen
t:be esU-tors frosa tifferent: rancloa
SX'oupa are all equal and. Depeiva. and
VI will.. as a result, be positively
blued. What 1f OJJO could. alter the
COV"lAOa between J:epl1cate a.tillaces.
so that t:ha total covari~. cera was
approxia.tely zero? 'then, the
replicate variance ••eiaator V, would
be 1l8arly unbiased.

AI..- that the or1pDa1 sapIe has
been divided inm G dependent randoa
groups aaGll of silte a. AJu:l UIRQIIe that
UIe group. are randoaly ordered and
that the units within groups are
ramcloll1y orcleRei. Then.. can deuote
the 8811pl. an4 1:be rancSoa groups as n
unita, 1, 2,.... n. where the first
&rOUP conab~. of unlu 1 through -,
the second group consists of unit. 1&+1,
...2. . .. , 211, etc. Fiaure ~ shows an
exaaple with D = 20 and G .. S; eacb



group 1:bn has -.4 "'ers.
In pneral, .. vant to fora G llew

group. by rande-ly ••lect1Dl k uni.t. in
the or1pnal p-oup 1 to overlap rich
the next: ccnwecutive t group.. theil ..
select It un!til feOia the oril1Aal P-O\IP
2 to overlap with the JJltXC oOlWeC\ltl~

t groups. Oaly two values of t nee4 to
be couldend: 1)001 and t-3.

Figure 1 shows an ~le for both
t-l aad t-3. \l.81ng k-l. In.ach cu.
tGax-a are still 5 replicates. but now
each x-eplicate cOiltains _ + t*k units.

Wich overlappina replicates (loOl.
the replicace estlaate of me tot:al. X.
no looaer equala the or111naJ:.. • .-pl.
estt.-te of t:be total. ]t. lut
cood1tloaal on the • ..,1. achieved,

Btt.1 .aple) ... ~ •

HOlfWnr. the replioate variaoca
.8cillate. V, I 1a now an eatiIMtor of
the nplicate estJ..ate t. rather than
the ori&1nal ••~t:e x.

In the caM of t-3, the re.triction
QS mel ~3 is Deedecl. which is IlOt ..
lJDr....onable requi.c_nt for wa!..
r.plioate ••tiJlatu in pneral. then
for e-l or e-).

B(V1 ) • v•.l"(g.) - bt(k) .~Sl

where

By salvina for the ".lue of k which
ut•• ~(k) - 0, an u:nbl....d ••tiaata
" C&D be ccmat:r\ICted.

In the case c-1, if the s-.pU.n&
tata aDd. the m.bex- of revlicat... G,
satisfy

then there is a solution

for • .,11111 rates no larger than •5.
there 18 a .olu.t:1OQ for any value of Q.

Kost ....li1lll deaip8 probably fall
into tbi8 cat.lOry, i .•. vim • ..,U.•
rat.. aU le.8 than or equal to 0.5.
If ther. are suaea t:bat: are .elected
vith proHbllicy 1.0. r:heu the usual
solutl00 is 1:0 lftClude the ~tire

certainty straa. in eaob r.plicat.·... as
diac:uaHd later. For cases wich
8apl1D& raua beeveen .5 and 1.0. we
can uae tl-3. 8IId. the soluticm

aacisfies 0 < k < al3 for all samp1ina
rae...

Qwoaipl b:1 D t=3 SiDe. -iDe
1:-] pvas a aolutlO1l for all aaaplin&
rat:ea. -7 bother with th. case c-l?
ODe r ...O'Q 1- UuLC the cu. t:o-l 18
...ier to COlIIIUuct. The ••c0n4 reason
is that the cu. t-l is .ere likely to
result in a reduccion in bias for
..ller ...,11. race••

At the ~t sol~t:1OD k. we would.
have an unbiue4 eatilll.ce. However. we
get DDly an appro1l1llacely unb1asecl
est:1aaee. Vp because k "DlSt be rounded
to IIIl inte&er value. In order to
assure a cou.erv.tive .stt.&te of
variou1ce, ~ should always round down.
That 18, in both cas•• t-l and. e-3 t OM

ean show that roundina down will result
in • MptiYe yalue of ~(k), whereas
rOUDdlag up will result in a positive
value. So nnmd1ns down will result in
a (hopefully naIl) over·e.tillate of
the vadaDee.

Therefore. if tbe exae.t solution k
is 1... than I, we round. down to 0 and
we do DOt recNc. the btu. Con<litiona
UDder wb1.ch there will be a useful
solution can be described in teras of
the initial smapliq rate, f f the
popula'CloD size If, and ehe number of
replicates. G. B...ly, if

t: ~ Q- (J :ll;N - ;)
whi.ch satisfies 0 < k ~ •. Therefore I then the solu'tion k will be greater



than D~ equal to 1. One would. hop.
that the value of t:be riaht band side
of the l'deqWl11ty would be relatively
•11&11. Bo141Dl)1 and G fixed, the
value of the right: band .ide 18 _ll.r
for t-1 chan for e--3. Tbacefore, for
s-.pU,n1 race. of .5 or lua. die
..thod of oonrt.p-piDg replicaee. us1na
t-l will ra4uce dle bi.. of the
variace ••t_ce for ~ler • ..,11.n&
rat•• C!.OII,Puecl t:o overlapp1Dg with c-3.

'l'his is not aucb aD fJlporeant
cODal_ractoa for lar._ populatlona.
For uup1e. vim 1'1-100,000 NS4 G-25.
one can pt a bias reductioo \l81na t-3
for any de.tlD with ..-pIing rate
greater t:ban .OS5. Using e-l, one can
get a biae red1.u:tioD for ••ipus vida
8aap1108 rate. 40wD to .023. But at
such ---.11 • ..,lina rate.. the bi.. of
the uaual replicate varlanae ..tt.a~.
is wry .-all anyway. """r. vidl
..11er populatlotUa, the clifference can
be aotlceable. Take for ex.tl8pla
8-10.000 a.d. <:-25. Ust.q 1:-3, one let.
a reduction in the b1.a. oal.y for
68llpliDa rat.. l.xlex dum .17. UsIng
t-l, 0118 can reduce the biu for
...Ung rat.. as low u .07. If 1:be
SallpUq frac:Ucna 18 .1. using the
colStiguraUoD nth t-3 ,,111 aot re.ult
111 a btas reduction, wt using t-1
will.

In leDerat. t:ha c_.. ...1:_ th1s
..thocS does not reduce the biu appear
to coincide with exaaple. where the
~eplicate eatiJate ...y not be \lSefui in
general, JUlMly rnaall se.ple ab••.
lAum the populatIon size 1. ..-J.l, OM

cannot bave both a saall s.upl1q rate
and a large tlUaber of repllcate.. This
doe. not ••• UlU';e&5onable j cme cannot:
expect to ua. the replicate aethocl 1£
the s-.ple is very SlM11-

3. Ul'LICA'1'I VS QUOD&L BSTIJIATOIl

For esr:1aatioD of ..au or totala,
the usual randall groupa replicate
ese1Jla~or. with JlO overlap, 15 the ....
u the orilinal e8c1.llacor. lu this
case. V, is an e.tiaator of tlle
variance of the original e.tiMt., X.

llbe1l cnerlappiDI replicate.A are u.ed.
l:he repl10ate ut:l1Iator, I.. is DO

lOftger equal to the oripD&1 ••tiM,tor •
X. ADd tba 'YUlance of the replicaQ
••t1.uc.or rill be taraer thaD the
varl... of the or1&1:0&1 _d.-tor.

tbl. is .at: t-cllat:ely DOticeable
with certalnt:y strata. Ibe varl-..u:e of
the orill:a&l eatu.u i. zero. 1\y
1ncludlD& the 8Dtire certainty .tratua
in each replicate. thi. property is
pr•••1:ft4 aad .. luIve

1".-1. Par (.I.) -0 ucf l's-0 •

Bote that: OM could also c11.v1c:Je the
cerca.1ru:y strata into G r.adn- p:'0upa
and u.se the aeoeral .olution with c-3
to find a _lus of k < ral3 ~t; resulta
in lID UDbf...ed. eat1lla1:Or x.. and au
approxillately \JPbl...d Ta:ri~e

eett-tor. V, foX' X.. But:: th1.a is not
the beet sol",ticm for certainty sttata.
in the .eue that

.t. • z uti var<1.) ) ftar (.I) -0.

In other ca... as well. one uy
want a upllcat. variac. es1:Utate that
ia all UDbluacl .st:~te of the variauca
of the oripMl s.-ple ••t1rute. this
can b. dolW using the fact chat

varC.f.) • ftII(1) ... B(P'arcl,.l.-..ple».

In the ca.e 0-1, we f1ncl. for totals.

.B(V.) ,. var(n - N(~ (k) - kla-Jc)N) S·
1 ~ n(Ja+k).

where h, (k) w.. deflnecl in Section 2.
By .ol~ for dle value of k. say ltz.
that 1Mka8 the coeffic1ent: on S2 equal
to zero, we have an UDbi..ed ••tiMee.
In order for 0 < ~ S a, cb. saa
coad:1tioR .s before 18 required. .aNi
the 801u~10tl in tenus of the proportion
of overlap is

ka a 1If- « 1 ) (1- 1- 8.f(Q-ll )1• W 2 Q-1 (G+l)J



Tabl. 1. IZapl. of OveJ"lapplDg Replicates for Stratif1ed. Deai&D, 0-25. t-l
bl&~l'ft

lDcn... in Var

Strae. ... ut. • lit. Ie, ka Ualq With
~ k:t

1 140,000 7.050 282 1 13 .024 .042

2 50.000 2,950 118 3 6 .025 .046

3 21,000 2.950 118 6 12 .049 .084

4 20,000 5.950 Z38 49 92 .160 .176

5 10,000 5.000 ~ 200 133 184 .161 .040

whicb Ii,. bebleeD 0 aDd l.
lb.re are seftra1 choices .1::'.

For a &1ftD value of t. eitbar t-l or
t.:-3. there are cbre. replicate
e.ciaatorll of interest. ~17 tho.e
associated with k-o (110 overlap) o~

lc-k, or .. k,. With each replicate
uthaator tfiare i8 an u8OClaee4
re,Ueate varl&DCe .st1Jlacor. V,(k).

Ua1na k-O. the rep1icat. ..~1JIator

1a the .8M as 'the ori&f.Dal e.t:illat:or.
Bue che a.sociated vuiauee ••t1llate
VJ(0) cao 'be ....dlncl7 conservatltWe
wben me saapling rates ara 'GOt _11.

UaiD& kl-k,. V, is an approxblately
Ullblaeed estimate of the variaDce of
the I:'eplicate ••tillacor. It 1. a
conservative eau-te of the var1~o

of t:b.e oriliDal ..tlaaeor. ~c U.
uslD1 exacc values of k, we would bave

B(V1(~)) a vaztt.(lt'1» ~ WI.r(b

Ua1n& ~. V, Is an spproz.1utely
uobLued. e.cillate of the variance of
che -talaal est1uC01:. But V, will
UIlcler-e.t11lace the varlatlce of its
Aasoclat.d replicate ..tt.ato~:

For best: resu.lt!t, one ...ecls to
decide on the ••timator of interast
before deterllining the ~Wlt of
overlap in the replicate.. ot: al••
provide .are tha1l one clafinitiOll of
replicates. For a general purpo.e uta
b.... a reasonable comp-roal•• aigJlt be

to lJae the C01)Sttuetlou nth en overlap
of k, UDics. '1'beD V, is an unbi_ed
estiaace of the repllcat:e _tillata of
the total. ADd. aa we will see 14 Ole
nexe eullple. ewn'l thousb it i. a
1>is.eel (but cem.enatl"N) estilKte of
the variance of t:ba origiaal .at1aator»
it can be rauch better than the U5\1&1
replicate variaDC. .stiaator.

An ",.1. frsp SOl - - Take as an
QUipl. & shlpl1fteclversl.oG of sa.e of
the lIDO-certainty SOX -trata for the
replar corporac1ons. as shoVD. in Table
1. Th. second an4 chlrc1 col~ give
the 'POP'Ilatlon and. • ..,1. .izes
respectively. U.1JaI G-25 rep11cace.,
the fouth collmll shows the resv.lcing
orl&f.nal crouP dae. a.

SlnCe the larg••t .....110& rate is
. S. we caD use ebe confisuration t=-1
fOT; all sUata. Oo118lll 5 gives the
value of k" the m.ber to overlap in
order to get: an approxfJDately unbiaaed
variance est1rAace of the replicate
e.t!Mcor. Col\a\ 6 sbova the 'Value of
kz. me overlap needed Ln order to use
VI.. an (approd.....t.ly) unbiased
••U,lAte of the original stratified
.stiJuce of the total (or _an).

the lut two colQD8 show the
relatIve increase In variance. by
strata. If 1re uae the replicate
utiJlate of the tobal, coapared to the
or1&lnAl trelghted stratua estillate.
For exaIIp1e. In .tratua 3 using
overlapping repl1c&tes vl1:h k-6. §.he
variance of the replicate estiJlate. Jt..



18 approam.tel,. 5' larp~ tyn dae
vart.ane.. of the \18\1&1 .scillate X.

Por t;..1, ebe .-xi.- iocre..e in
varbnae DCa... at k- ';3. So if
k,<kz,4I/J. WlJ.na kz r ••ulta ill· a luSer
vadaDc. of X. than us1n& 11:,~ aut 1£.
u in 8traeua 5, af3 < ~ < ka. then
the vari&1lCe of t:be replicate e.t~to~
ualq ka h -..ller than I:he vul.-uce
of the replicate est.1IIator Wli.D& 11:,.

Suppose _ are at-ereaU«! In Wlin&
v, .. an ••t:1IIat:or for t:he verl.aace of
the or1&1Da1 stratified utiaate of the
total. Ve C~ e&1culat. the ralative
biu. 8, of the _tillator V,{k). for
each value of k:

8(V1 (k» • varUh(l+B(k))

where B depeDda on populae101l ad
saple .lEes. t:be 1lUIIIber of replicates.
c, as ".11 as cha slze of t:he overlap.
k. Table 2 shows ebe relael'V'a blas. by
Btracua. Boce chac eftll thouP Ie, 1.
not opt1Dal, lt 11~ considerably
better estiaates of the vari&1ace then
che usual replicate .arlance est1aate
(k-O). especially when the f~ 1. QDt
clos8 to one. An6 it: shoulet giv.
apprOX1.aaeely unbl_ed eaet.&te. of the
replicate esttm&te of the total.

Table 2. a.elat1.~atu 1'0 V,. for
Istiaatlttg X.

Stratum k-G k-k,] k-kz
1 .053 .025 .003
2 .063 .034 .007
3 .120 .059 .007
4 .420 . 164 .003
~ 1.000 ·161 ·0091

The reled.. biu Wlil\& k-kz should
b. zero. It ia OJl1y appr~te1,. zero
because k is rouncled to an integer.
The bias in atratua S 18 so aueh
n.aller than the others because in thb
co. the exact value of 1t is 184.03.
c~~.d co s~~aru. 1. Where the exact
value of k is 1%.8. .

Suppose ve decide to deflne t:be
replicates \ISing kz. In each stratua,

,

... raadDllly- d1vi. the • ..,le unit.
into ZS groupe anel raackaJy orelar the
25 gmups. In su.~ 1, 1u uch p;wp
of 282, we rancbl1y ••lect: U usdta aIKl
iDoltide the.. in the WnextW croup as
well. etc. 'lberefore uch -cepl1cace in
strab. I rill lui". 295 \lid"; ea.ch
repU'cate in atratua 2 will haft 124
waita, etc. Iu this .ay. 2~

repUcat... each of size 2.021 are
fomecl.

'lbe reaulta ahown hen 1IIply that:
wileD. che- fpc faceor caDDDt be ipored.
,.. could illproft cODal.rebl,. over me
usual dependant: group e.t1lutas of
varldCe by ualq OYBdaPPin&
replicates. ADd t:hia teotlQ1qwa I.a
pro&r--..ble. Th. "r:aault:a abo1na here
are exact for the natively
wareaU..Uc case where 1P'lPG. In
pract:lce, - ... will h.ne s_ slisht
variatf.aa In the 8ize of npl1c:at.. (Il
va ...1) aDd for overlapp1n& units 1t
would be .are cDllVtmient to u.e a rate
of overlap, Ie/_, so that there II1ght
not: he uaccly k unlt:. selected each
t:f.De. Ve are in t:be process of doin~

ss...J.ation st:ud1.e. to evaluate the
reduction in bi.. us1D& this technique
1n ~r. ~...11.tlc cOJldltloPII, aod in
the 0ri.glDal. probl.. of estiMt:lon of
year-to-year chanp.
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